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Abstract 

     PARP-1 is a protein enzyme with a major role in DNA repair that is 

overexpressed in many malignancies. It is correlated with susceptibility and 

metastasis to lymph nodes in gastric cancer (GC). The objective of the present 

investigation is to estimate PARP1 expression in patients with gastric cancer and 

detected if it could be used as a predictive marker. Furthermore, we aimed to find 

the correlation between PARP1 expression and clinicopathological parameters, such 

as gender, age, invasion depth, histopathological type, involvement of lymph nodes, 

grade, and stages of GC. This is a retrospective study from the period 2018-2020. 

Fifty randomly selected subjects (10 normal and 40 GC) were examined for 

formalin-fixed, paraffin-embedded blocks (FFPE) of stomach tissue . The  diagnosis 

reports were collected from the Pathology Department of the Gastroenterology and 

Hepatology Teaching Hospital and some private hospitals in Baghdad, Iraq. 

Hematoxylin and eosin (H&E) and immunohistochemical (IHC) staining of PARP1 

were applied for the histological sections. Statistical analysis was accomplished by 

SPSS system at P<0.05. There were significant differences between the  patients and 

control groups in the expression level of PARP1. There were also significant 

correlations between PARP1 expression and each of the histopathological subtype, 

grade, invasion depth, involvement of lymph node, and stages in patients. However, 

non- significant associations were found between the expression and the age and 

gender of patients. These results indicate that PARP1 could be employed as a good 

prospective marker for gastric cancer.  

         

Keywords: PARP1, Immunohistochemistry, gastric cancer, clinicopathological 

parameters. 
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 الخلاصة
) PARP-1       إنزيم بروتيشي لو دور رئيدي في إصلاح الحسض الشهويDNA   يتم التعبير عشو بذكل ،)

مفرط في العديد من الأورام الخبيثة ، اذ يرتبط تعبيره مع تظهر السرض وانتذاره عبر العقد الميسفاوية في 
في مرضى سرطان السعدة ، وما إذا  PARP1 ابي لـسرطان السعدة. تيدف الدراسة إلى تقييم التعبير الإيج

  ,PARP1 كان بالامكان استخدامو كدلالة تشبؤية لمسرض. علاوة عمى ذلك ، ايجاد العلاقة بين تعبير
والسؤشرات الدريرية السرضية مثل: الجشس, والعسر, وعسق الغزو الهرمي, والأنهاع الشدجية لمهرم، واصابة العقد 

-2222تسايز، ومراحل الهرم . تم اجراء ىذه الدراسة بأثر رجعي خلال السدة الزمشية )الميسفاوية، ودرجة 
مع التتقاريرالظبية   (GC مريض 42مجسهعة الديظرة, و  02مريزاً تم اختيارىم عذهائياً ) 52(, عمى 2202

تذفيات والتذخيرية من مختبر عمم الامراض في مدتذفى أمراض الكبد والجياز اليزسي, ومن بعض السد
أما  .PARP1 والثانية بـ H&E الخاصة.تم تربيغ السقاطع الشدجية  لذريحتين من كل قالب بارافيشي احدىا

لقد وجد ان ىشاك فروق ذات دلالة  .(P ≤0.05) عشد SPSS التحميل الإحرائي فقد تم انجازه بهاسظة نظام
، كسا كان ىشاك ارتباط  PARP1 الإيجابي لـإحرائية بين مجسهعة الديظرة, ومجسهعة السرضى في التعبير 

والأنهاع الشدجية لمهرم، ودرجة التسايز، وعسق الغزو الهرمي، واصابة العقد  PARP1 معشهي بين تعبير
الميسفاوية، والسراحل السختمفة لمهرم في السرضى ، بيشسا لم يكن ىشاك اي فروق ذات دلالة احرائية بين عسر, 

يسكن أن يدتخدم كدلالة  PARP1 تذير ىذه الشتائج إلى أن .PARP1الإيجابي لـوجشس السرضى, والتعبير 
 .تشبؤية  جيدة لدرطان السعدة

1. Introduction 

         Gastric carcinoma (GC) comprises a universal health issue. It is a malignant disease 

with high aggressiveness and heterogeneous nature. It is one of the most prevalent reasons for 

cancer- related mortality and takes advantage of an important encumbrance on international 

health sponsors [1]. In Iraq malignant neoplasms  represent the second leading cause of death. 

Gastric cancer trend demonstrated an instant rise after 2007; it is ranked as the fifth of 

eighteen cancer types in Iraq [2]. Gastric cancer is the third main reason of cancer-related 

mortality in the world, leading to about 783,000 deaths in 2018 and over 1,000,000 new cases 

per year [3]. The Lauren classification is the most commonly utilized classification of GC. It 

includes three main subtypes: intestinal, diffuse and, mixed [4]. These subtypes differ in a 

number of properties, such as clinical characteristics, genetics, morphology, epidemiology, 

and development [5]. Poly (adenosine diphosphate-ribose) polymerase (PARP1) is an enzyme 

[6] that has many important functions in DNA damage, repair, and many cellular processes 

[7]. It binds to single or double stranded DNA forms; its effectiveness is mostly demanded to 

maintain the integrity of the genome [8]. PARP-1 is overexpressed in many types of tumors, 

comprising malignant melanomas, colorectal cancer, breast cancer, testicular tumors, and 

lymphangioleiomyomatosis. Also, it is correlated with invasiveness and poor clinical 

prognosis [9]. Subsequently, PARP-1 may be a possible anti-cancer target [10]. The inhibitors 

of PARP are also actually used in mixture with chemotherapeutic agents to raise the responses 

of tumor [11].  It is correlated with susceptibility and lymph node metastasis in gastric cancer 

[12]. Le et al. [13] stated that PARP-1 inhibitors induce the cisplatin cytotoxicity in human 

gastric cancer cells. Liu et al. [14] previously declared that Cochinchina momordica seed 

extraction significantly decreases the survival rate of human gastric malignant cells, by 

downregulating PARP expression. However, it remains to be determined whether the PARP-1 

expression levels are associated with the tumorigenesis and progression of gastric cancer. 

Hence, other researchers [15] stated that PARP-1 protein expression patterns need additional 

study in patients with gastric cancer. The objective of the present study is to estimate PARP1 

expression in Iraqi patients with gastric cancer and detect if it could be used as a predictive 

marker. Furthermore, we aimed to find the correlation between PARP1expression and 

clinicopathological parameters, such as gender, age, invasion depth, histopathological type, 

involvement of lymph nodes, grade, and stages of GC. 
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2. Materials and methods  

The collection of the samples 

         This study is a retrospective investigation of data recorded in the period from January 

2018 to December 2020. Fifty randomly-selected subjects (10 normal and 40 GC) were 

examined for formalin-fixed, paraffin-embedded blocks (FFPE) of stomach tissue.  The 

diagnosis reports were collected for surgically resected specimens in the Pathology 

Department, Gastroenterology and Hepatology Teaching Hospital, Medical City/ 

Baghdad/Iraq  after obtaining the official approval from the Iraq Ministry of Health, 

Department of Medical City/ Baghdad/ Iraq. No chemotherapy was received by these patients. 

Each report contained clinical-pathological parameters, i.e. age, gender, histopathological 

type, grade, depth of invasion, lymph nodes involvement, and tumor, node, and metastasis 

(TNM), which were diagnosis by pathological doctors of hospital. The group of forty patients 

included 24 males and 16 females, while the control group involved 2 males and 8 females. 

These ten samples of normal stomach tissues were selected randomly from patients 

undergoing sleeve gastrectomy in private hospitals. These cases were classified depending on 

Lauren classification [4].  

Staining  

      Each FFPE was cut in 5 µm thickness before staining, mounted on positively charged 

slides for IHC and normal slides for H&E. Some of the sections for the control and patient 

groups were stained by routine H&E staining based on Suvarna et al. [16]. PARP1-antibody 

(mouse monoclonal antibody; catalog #MAB 8095; dilution 1/100; R&D, USA) was used in 

this study to evaluate the immunohistochemistry expression by using R&D protocol. For 

H&E staining, the sections put in xylene for 2 times, then in descending serial solutions of 

ethyl alcohol. The slides were washed by tap water and then stained by Harris’s hematoxylin 

and eosin to stain the nucleus and cytoplasm, respectively. The slides were then cleared by 

xylene, mounted by dibutylphthalate polystyrene xylene (DPX), covered by cover slides, and 

then dried by electric oven at 45 Cº. For IHC, the sections were incubated in serum-blocking 

solution, incubated with (PARP1- antibody), and then incubated with biotinylated link 

secondary antibody (Abcam, USA). The slides were incubated with streptavidin-enzyme 

conjugate (Thermo Fisher, USA) and then incubated with substrate-chromogen 3,3′-

Diaminobenzidine (DAB), which is often used in immunohistochemical staining as a 

chromogen mixture (Abcam, USA). Finally, the slides were stained with hematoxylin and 

mounted with an aqueous mounting solution. After each of these steps, the slides were 

washed with PBS buffer to remove excess material.   

Negative and positive control 

      The positive control of this antibody was breast cancer tissue, as in R&D protocol, in 

which the nucleus of the cell gives a brown color when the histological section is treated by 

this primary antibody (Figure 1), whereas the section from breast cancer tissue without adding 

primary antibody was used as negative control, in which the nucleus is not stained with brown 

color (Figure 2).                                                                                                        

Scoring system     

      Colored cancer cells were calculated by selecting four areas. The total selected cancer 

cells were not less than 100 cells, which were examined at magnification powers of 10X and 

40X. Colored cancer cells were calculated in hall slide. Cells with brown color in nucleus 

were considered to be positive, whereas uncolored cells were considered as negative. 

Depending on a previously described method [17], the scoring system was accomplished and 

has the following scores: score 0: 0%, score 1: < 25%, score 2: 25-50%, score3: > 75%. 

Statistical analysis 

         Data analysis was accomplished by using the statistical package for social science/SPSS 

version - 24 software/ IBM. Chi - square (X2) was used to estimate the correlation between 
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clinical-pathological properties and the expression of the marker and compered with control 

group. Differences with P-values at ≤ 0.05 were considered as significant. 

3. Results 

        From 50 patients included in this study, the results indicated that males total number in 

 the control group was 2, while that of females was 8. In the gastric cancer group, the total 

number of males was 24, while that of females numbers was 16. The age of the subjects in the 

control group ranged 19-50 years, comprising one age group of equal or less than 50 years, 

with a mean age (of 33.9 ± 10.027 years. The age of patients with gastric cancer ranged 19-83 

years with a mean value of 55.325 ± 15.423 years. The patients group was divided into two 

age groups, one equal to or less than 50 years and the other is more than 50 years. The number 

of patients who were equal or less than 50 years old was 16 (40%) with a mean age of 39.875 

± 9.493 years. The numbers of patients who were more than 50 years old was 24 (60%) with a 

mean age of 65.625 ± 8.234 years. The histopathological subtyping showed that the patients 

were distributed to 23 (57.5%) cases of the intestinal type, 15 (37.5%) cases of the diffuse 

type , and 2 (5%) cases of the mixed type. Based on the clinicopathological parameters, the 

patients were divided into 25 (62.5%) moderately differentiated cases  and 15 (37.5%) poorly 

differentiated cases of the total number of patients. The current study showed that gastric 

cancer invasion in the subserosa was observed in 15 (37.5%) cases; invasion in the serosa was 

in 18 (45%) cases, while muscularis propria invasion was in 7 (17.5%) cases of the total 

patients. The total number of patients diagnosed with lymph node involvement was about 32 

(80%), whereas patients without lymph node involvement had a total number of 8 (20%). The 

invasive depth and the TNM staging system were used to distribute patients with gastric 

cancer into advanced stages (III & IV) and early stage (II). Advanced stages total numbers of 

patients was 27 (67.5%) cases, divided into 12 (30%) cases in the III stage and 15 (37.5%) 

cases in the IV stage. The total number of patients in the early stage was 13 (32.5%) (Table 

1). 

 

Table 1- Study groups distribution depending on clinicopathological parameters 
Clinicopathological Parameters Findings Frequency (%) 

Gender 

Control 
Male 2 (20%) 

Female 8 (80%) 

Patients 
Male 24 (60%) 

Female 16 (40%) 

Age 

≤ 50 
Control 10 (100%) with mean (33.9±10.027) 

Patients 16 (40%) with mean (39.875±9.493) 

> 50 
Control ــ 

Patients 24 (60%) with mean (65.625±8.234) 

Histopathological types Patients 

Intestinal 23 (57.5%) 

Diffuse 15 (37.5%) 

Mix 2 (5%) 

Grade of tumor Patients 
Moderately 25 (62.5%) 

Poorly 15 (37.5%) 

Invasion depth of tumor Patients 
pT2 7 (17.5%) 

pT3& pT4 33 (82.5%) 

Involvement of lymph node Patients 
N0 8 (20%) 

N1,2&3 32 (80%) 

Stage of GC (TNM) Patients 
II 13 (32.5%) 

III&IV 27 (67.5%) 
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Figure 1- Cross section of IHC stained breast cancer tissue in the positive control group; 

nuclei are stained in brown color (yellow arrow); scale bar 50 µm, 40X.  

  

 
Figure 2-Cross section in IHC-stained breast cancer tissue of the negative control group; 

nuclei are not stained in brown color (yellow arrow); scale bar 50 µm, 40X. 

 

 

The IHC expression of PARP1 

        The current study indicated that PARP1 is expressed in high levels in patients with 

gastric cancer only, reaching a number of 40 (100%), whereas the control group showed no 

expression in any case. In patients with gastric cancer, score 0 was recorded in 2 (5%) cases, 

while the number of patients with score +1 was 8 (20%). Also, 8 (20%) cases had score +2 

and 22 (55%) cases had score +3. This differences in the expression levels between two 

50µm 

50µm 
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groups have led to statistically significant associations at P≤ 0.05 and P= 0.0001, as shown in 

Table 2 and Figures  3-8.  

 

Table 2-The expression of PARP1 in patients with gastric cancer as compared to the control 

group 

Expression of PARP1 

 

Patients with gastric 

cancer 

number (ratio) 

Control 

number (ratio) 
P- value 

Negative 

 

Positive 

Score 0 2 (5%) 10 (100%) 

 

 

 

P=0.0002
s
 

 

 

Score +1 8 (20%) 0 (0%) 

Score +2 8 (20%) 0 (0%) 

Score +3 22 (55%) 0 (0%) 

Total number/ number (ratio) 40 (100%) 10 (100%) 

S: Chi- square; Differences are significant at P ≤ 0.05.    

          

 
Figure 3-Graph illustrates the expression of PARP1 in patients with gastric cancer as 

compared to the control. 
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Figure 4-Control IHC-stained stomach tissue illustrating the negative expression of PARP1 

in gastric cancer patients with score 0; no nuclei are stained in brown color (arrow) (scale bar 

50 µm, 40X). 

 

 
Figure 5-IHC-stained gastric cancer tissue illustrating the negative expression of PARP1 in 

gastric cancer patients with score 0; no nuclei are stained in brown color (arrow) (scale bar 50 

µm, 40X). 

 

50µm 

50µm 
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Figure 6-Cross section in IHC-stained gastric cancer stomach wall (moderately differentiated 

intestinal subtype) illustrating positive expression of PARP1 (arrow) in Score +1 patients;  < 

25% of nuclei are weakly stained in brown color. Scale bar 50µm, 40X. 

 

 
Figure 7-Cross section in IHC-stained gastric cancer stomach wall (moderately differentiated 

intestinal subtype) illustrating positive expression of PARP1 (arrow) Score +2 patients; 25-

50% of nuclei are moderately stained in brown color. Scale bar 50µm, 40X. 

50µm 

50µm 
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Figure 8-Cross section in IHC-stained gastric cancer human stomach wall (intestinal subtype, 

moderately differentiated) illustrating strongly positive expression of PARP1 (arrow) in score 

+3 patients; > 75% of nuclei are stained in brown color. Scale bar 50µm, 40X. 

 

     Table 3 shows the expression of PARP1 in correlation with clinicopathological 

parameters. This study indicates that 55% of the total number of patients with gastric cancer 

had positive expressed.  Positive expression was recorded in 22 cases of males and  16 cases 

of females. , with no significant association according to gender. The age of the entire group 

ranged 19-83 years. The expression of PARP1was recorded in 27.5% of the patients who are 

less or equal to 50 years old  and 57.5% of the patients who are more than 50 years old. The 

P-value of 0.608 indicated no significant association between age and the expression of this 

marker. The current study showed that the percentage of patients with the intestinal type who 

had positive expression was 62.5%, with the diffuse was 37.5%, and with the mixed type was 

5%, with significant associations  at P ≤ 0.05, as shown in Table 3. The expression of PARP1 

was found in 57.5% of the moderately differentiated grade patients and 37.5% of those with 

poorly differentiated grade. The positive expression of PARP1in patients according to 

invasion depth was recorded in 17.5% in pT2 and (82.5%) in pT3 and 4, with a significant 

association at P ≤ 0.05. Also, the current study indicated that PARP1 positive expression was 

found in 80% of patients with lymph nodes involvement (N1, N2, and N3), whereas the value 

in patients without involvement of lymph nodes (N0) was 15%. Statistically, these differences 

showed a significant association between the involvement of lymph nodes and the expression 

of PARP1. The highest records of PARP1 positive expression were found in 67.5% of 

patients with the advanced stages of disease (III and IV , while it was 27.5%) in the early 

stage. Statistically, these differences showed a significant association between the stage of 

gastric cancer  and the expression of PARP1 at p ≤ 0.05. 

 

 

 

 

 

50µm 
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Table 3-The expression of PARP1 associated with clinicopathological parameters 

Clinicopathological parameters 

Expression of PARP1 

P-value Negative 

Number (ratio) 

Positive 

Number (ratio) 

Gender 

Male 2 (5%) 22 (55%) 
 

P= 0.496
NS

 
Female 0 (0%) 16 (40%) 

Age 

≤ 50 1 (2.5%) 15 (27.5%)  

P= 0.608
NS

 

 
> 50 1 (2.5%) 23 (57.5%) 

Histopathological 

subtype 

Intestinal 2 (5%) 21 (62.5%) 
 

P= 0.023
S
 

Diffuse 0 (0%) 15 (37.5%) 

Mix 0 (0%) 2 (5%) 

Grade of tumor 
Moderately 2 (5%) 23 (57.5%) 

P= 0.034
S
 

Poorly 0 (0%) 15 (37.5%) 

Invasion depth of 

GC 

pT 2 2 (5%) 7 (17.5%)  

P= 0.00004
S
 pT3 & pT4 0 (0%) 33 (82.5%) 

Involvement of 

lymph node 

N0 2 (5%) 6 (15%) 
P= 0.00051

S
 

N1,2,&3 0 (0%) 32 (80%) 

Stage of GC 

(TNM) 

II 2 (5%) 11 (27.5%) 
P= 0.00001

S
 

III&IV 0 (0%) 27 (67.5%) 

Chi- square; is the differences are significant at P ≤ 0.05.            

 

4. Discussion 

      In Iraq, malignant neoplasms represent the second leading cause of death. Gastric cancer 

trend demonstrated an instant rise after 2007, being ranked as the fifth among eighteen cancer 

types in Iraq [2]. GC comprises a universal health issue. It is a malignancy disease with a 

highly aggressive nature. It is one of the most prevalent reasons for cancer- related death and 

takes advantage of an important encumbrance on international health sponsors [1]. Options of 

gastric cancer treatment are restricted because of its heterogeneity and genetic complication 

[18]. Therefore, finding special biomarkers is important for managing the development of 

gastric cancer  and identifying effective treatments for patients [19]. This study indicated that 

the number of male was higher than that of female patients. Also, the number of older patients 

(more than 50 years) was higher than that of younger ones (equal or less than 50 years). 

Similarly, the study of Lou et al. [20] showed that men are at a higher incidence than women. 

Furthermore, the maximal sex difference was recorded in the older age. Moreover, the 

GLOBOCAN 2012 report demonstrated that the standardized rates of the age of gastric cancer 

patients were twice higher in men [21]. The study of Radkiewicz et al. [22] demonstrated that 

the rise in the risk of gastric cancer is associated with the male sex. The portion of cancer 

explicated by factors correlated to male sex is huge. Males also suffer poorer survival from 

cancer in most of the studied locations. A probable exposition is either the preventative 

impact of estrogen in women or other effects as diversity in diet and occupational exposure, 

[23, 24]. Many studies stated that the intestinal type of the disease is the most commonly 

found type, with a rising risk of adenocarcinoma, in the age range of 55-80 years, being more 

commonly appearing in males than female (in the ratio of 2:1) [25, 26]. Furthermore, the 

current study found that about 57.5% of the cases were in the age of more than 50 years. 

These results correspond to the study of Sattar and Al Mallah [27], which indicated that about 

67.1% of cases were in the age range of 40 to 69 years. Also, in another study [28], the author 

reported that 54% of cases were of the intestinal subtype, i.e. located in the distal stomach 

(non- cardia), associated with infection by H. pylori. All these results have consistency with 

the present study, in which the intestinal type had the highest ratio compared with the diffuse 
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and mix types. This study also recorded that the moderately differentiated subtype was found 

in a higher ratio than the poorly differentiated subtype, which has similarity to the results of 

another study [29]. These results also correspond to those of Ashour et al., [30], who stated 

that the moderately differentiated subtype was the most common among all cases (about 

63.3%). In contrast, the study of Zhang et al. [31] found that the poorly differentiated subtype 

was dominant. Advanced stage (III and IV), based on TNM staging analysis, showed a higher 

ratio than the early stage (II), which result agrees with Chen et al.  [32, 33]. The IHC analysis 

of the correlation between the expression of PARP1 and the clinicopathological parameters 

shows no significant association with age and gender, whereas there was a significant 

correlation with lymph node involvement. The results of TNM staging and invasion depth of 

GC , but not those of the grade of differentiation, corresponded with those of Abd- Allah et 

al.[34] . Moreover, these results agree with those of Park et al. and Liu et al [35, 36]. There 

was also a significant association in the current study between the histopathological type and 

the expression of this marker, which agrees with the study of Park et al. [37]. Wang et al. [38] 

found that the activity of PARP1 in the tumor cells of a patient with gastric cancer causes 

cisplatin resistance. If PARP1 is inhibited, this can induce cisplatin, which stimulates the 

damage of DNA and apoptosis. These results reflect the possibile clinical importance of 

PARP1 activity in GC. Furthermore, the function of PARP1 in cancer development and 

metastasis is demonstrated in the repair of DNA and regulation of transcription in several 

oncogenes, such as hypoxia-inducible factor 1 α and 2A genes and Vascular Endothelial 

Growth Factor Receptor 1 (VEGFR1) gene [39]. Also, it regulates gene expression by various 

mechanisms, such as remodeling of chromatin, methylation of DNA, and RNA polymerase II 

[40]. The stimulation of G2/M cell cycle arrest, but not apoptosis, was caused by PARP1 

inhibition, which implies that the expression of PARP1 has an important role in GC 

metastasis [37]. In conclusion, these results indicated that PARP1 could be a good prospective 

marker for gastric cancer. 
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